Abstract -Precise osmotic coefficients from absolute vapor pressure measurements on various -t e solutions of organic solvents are given as t,he reference data for use in relative vapor pressure measurement methods. The availability of reliable data is used for a study of the interdependence of thermodynamic properties and theoretical and experimental SIcMilIan-Slayer level methods, such as chemical model and hypernetted chain calculations and small angle neutron scattering experiments.
INTRODUCTION
The best methods for the determination of osmotic coefficients from very low electrolyte concentrations to saturation are vapor pressure measurements. One of the most fre uently applied techniques is the isopiestic method (ref. 1). The drawback of this indirect method is the requirement 01 reference data which must be measured by absolute methods. Since 1980 a systematic study in our laboratory has provided the reference data for various organic solvent systems for practical use (refs. 2-6) . Vapor pressure measurements yield osmotic coefficients at the model-free macroscopic (or thermodynamic) level. The information a t this level are the data sets themselves, which are the input data needed for chemical engineering. On the,other hand, the availability of reliable osmotic coefficients a t thermodynamic level from low concentration to saturation for a variety of non-aqueous solutions is a solid base for the study of electrolyte solution models. Most of our actual information on electrolyte solutions is based on Hamiltonian models at the MchIillan-Mayer (MM level. The solvent is considered as a homogeneous and isotropic medium in which the ions are imbedded. Tlieoretica methods at this level are based on statistical mechanics, such as the chemical model (CM) concept or the hypernetted chain equation (HNC) . Experimental techniques situated at this level are static and dynamic light scatterin,g and small angle neutron scattering (SANS , They permit the determination of ion-ion correlation functions directly from the measurements via structure actors, provided that the ions have sufficiently mass. The interdependence of thermodynamic and MM levels will be shown in this paper by the comparison of osinotic coefficients obtained from various methods.
1

OSMOTIC COEFFICIENTS AT THE THERMODYNAMIC LEVEL
For salt solutions the vapor pressure of the electrolyte E dissolved i the solvent S can be neglected. The gas phase is treated as the real pure gas S with the second virial coefficient B:(gf permitting the calculation of the solvent activity where N A is Avogadro's number, e is the elementary charge, k is the Boltzmann constant d' and i ' are the density and permittivity of the pure solvent, zi is the charge number of ion i, and 6 , P(O), @ (6) is the starting equation of the CM calculations for osmotic coefficients, when the theoretical activity coefficient 7f of the CM is inserted. The CM. is a Hamiltonian ,model taking into account long-range and short-range interactions in the solution by superposition of a Coulombic (WG(r)) and a non-Coulombic (Wij *(r)) mean force potential
This model subdivides the space around an ion into three regions (refs. 11,12) :
(ii) a 5 r 5 R, within which a paired state of oppositely charged ions, the so-called ion pair. suppresses the Ion a, a being. the minimum distance of two oppositely charged ions, which is assumed to be the sum of effective cation and anion radii, a = a+ + a -, and interactions with other ions in the solution, where a 5 r 5 R is the region of the non-Coulombic p o t e n t i 3 -v
The cutoff distance R of the short'range cation-anion interactions is generally identified with the upper limit of ion-pair association. Chemical evidence requires us to set R = a+ + a-+ n . s where s is the length of an orientated solvent molecule and n= 0. 1 or 2. The relevant quantities of the CM for the calculation of the osmotic coefficient, & and Kp' are given by the relations (5b) and (9) can be modelled by thc sum of a repulsive potential CORij(r), a cavity term CAVij(r), and a 8urney term EURij(r), = C O R j ( r ) ,+ CAVij(r) + GURij(r). The repulsive potential is a soft core potential in r-'. The cavity term CAVij(r) is a potential decreasing as r -, so as to reflect the polarization effects in spherical cavities around the ions. These two potentials use the ionic radii ai and a j as the distance parameters. The Gurney term GURij(r)=Aij(V,,/V:), results from the overlap of the solvation spheres (Gurney spheres) if two ions have approached one another to distances less than the radii of their solvation spheres, Ri = ai + nis and R j = a j + njs; Vmu(Ri, R j , r ) is the overlap volume at a center-to-center distance r of the ions, V,. is the molar volume of the pure solvent, and Aij are tlic IIelmholtz energies to transfer the solvent from the overlap region to the bulk solvent. The Helmholtz energies Aij are the adjustable parameters of the Friedman-Gurney model, generally arbitrarily chosen to fit the experimental osmotic coefficients. Their non-Coulombic parts are not the results of explicit averaging over the solvent properties. They can be considered as 'effective' empirical potentials at the MM level whose parameters are flexible enough for a satisfactory data reproduction. Nevertheless, such 'arbitrary' potentials do not merely serve to represent the experimental data; statistical mechanics provides a link between these MM potentials and ion-ion correlation functions yielding the information on the solution structure. Integral equation techniques directly link the interaction potential uij(r) to the pair-correlation function gij ( r ) (refs. 20,21,24) The HNC equation successfully approximates Tij with the help of the total and direct correlation functions, hij(r) and cij ( r )
The total correlation function hij(r) is related to the pair-correlation function gij(r), hij(r)=gij(r) -1; the direct correlation function cij(r) is defined by the Ornstein-Zernicke equation. Eqs.(l4) can be solved iteratively for gij(r) as afunction of uij.(r). Convergency problems due to Coulombic interactions are overcome with the help of appropriate changes of the original IINC algorithm (refs. 5,25) .
A critical judgement on the MM-level calculations must take into account that a multitude of MM-level Hamiltonian models can always be found for the same system (refs. 12,26) . Fig.3 shows the reproduction of the osmotic coefficient of the system NaBr/methanol with the help of calculations at low electrolyte concentrations and IINC-calculations at high concentrations with a continuous and a step potential. When the gij(r) functions do not correctly correspond to the interaction potentials the calculated free energy results may be incorrect (refs. 27,28) . A verification by BD (Brownian Dynamics) simulations is then advisable (ref. G), especially for the aqueous solutions of higher charged electrolytes or the low permittivity solutions of small ions. In some cases osmotic coefficients alone may not be sufficient to determine a unique interaction model. Quite different potential models and hence different sets of gij ( r ) can correctly describe osmotic coefficients over wide concentration ranges.
On the other hand, calculated osmotic coefficients are sensitive to slight changes in the potential parameters. This means that models which qualitatively suggest a very similar physical picture may lead to distinctly different osmotic coefficients, especially at higher salt concentrations.
EXPERIMENTAL DETERMINATION OF OSMOTIC COEFFICIENTS AT THE MM LEVEL
The coherent scattering intensity I ( q ) of the ions in solution is a function of the wave length A of the incident neutron beam and of the scattering an le 0 which can be related to the so-called wave-number transfer, q = (4a/X)sin(0/2).
The scattering intensity directfy reflects the MM pair-correlation function gij (r) (refs. 20-31) via the structure factor Sij ( q )
( 1 6 4 where si,sj, and so are the scattering length densities of the ions i, j and of the solvent, K and V, arc the molar volumes, and
F;(q) is the form factor amplitude of a spherical ion i with radius ai. The structure factor Sij ( q ) is the Fourier transform of the MM pair-correlation function gij(r) and hence can be directly compared to the experimental scattering spectra. However, there is also a direct relation between the osmotic coefficient and the scattering intensity (ref. 31). The extrapolation of eqs.(l6) to zero wave number transfer, q + 0, yields the thermodynamic limit
where V = V+ + V-is the partial molecular volume of the electrolyte and s = s+V+ + s-V-)/V is its scattering length density. S(0) is related to the osmotic pressure via the osmotic compressibi \ ity xoJm Fig.4 reflects the accuracy of the absolute scattering measurements showing that precise measurements of osmotic coefficients can be used for exact calibration of scattering data. This is of special interest at high electrolyte concentrations where the contributions from multiple scattering to the neutron spectra are important. Fig.4 also satisfactorily explains by the comparison with scattering intensities from thermodynamic data the surprising result that the experimental scattering intensities decrease at salt concentrations beyond 0.60 mol dm-3. The predicted scattering intensities at low scattering angle are in good agreement with the measured scattering data.
The theoretical curve at the higher electrolyte concentration differs significantly from the experimental one. Another adjustment of the potential parameters which takes into account both the vapor pressure and the scattering data yields the results shown in Fig.5b (ref. 32) . This comparison illustrates a feature of HNC calculations previously discussed. The knowledge of the concentration dependence of osmotic coefficients is important, but in some cases this reference is insufficient to distinguish between different assumptions on ionic distribution functions and information from other experimental techniques is needed. Various examples where experimental and theoretical methods are combined with the information from osmotic coefficients are given in refs. 6,30.
